[1] The centerless circular array (CCA) method, proposed by ourselves in an earlier work, is an algorithm of microtremor exploration which can be used to estimate phase velocities of Rayleigh waves by analyzing vertical component records of microtremors that are obtained with an array of three or five seismic sensors placed around a circumference. We have confirmed, through field tests, the applicability of our CCA method to arrays on the order of several to several hundred meters in radii and have revealed its remarkably high performance in long-wavelength ranges, the upper resolution limit extending as far as several 10 times the array radius. We have also invented a mathematical model that enables to evaluate signal-to-noise ratios in a given microtremor field. Scrutiny of field data has borne out our hypothesis that noise is the principal factor that biases the analysis results of the CCA method in long-wavelength ranges and that its longest resolvable wavelength is determined by the signal-to-noise ratio. Combined use of the CCA method and our new method of signal-to-noise ratio analysis provides a powerful methodological tool that allows one to extract maximal information from microtremor records obtained with a simple seismic array.
Introduction
[2] We have invented and published [Cho et al., 2004] an algorithm that enables to estimate phase velocities of Rayleigh waves by analyzing vertical component records of microtremors that are obtained with an array of three or five seismic sensors placed around a circumference. In this method, all information on the field of vertical component microtremors is integrated into a single quantity, called the ''spectral ratio,'' which contains information on the phase velocities alone. Since this method does not separate individual plane wave components with different arrival azimuths, it possesses higher resolution in long-wavelength ranges than the frequency-wave number spectral method [Capon, 1969] . Theory predicts that the resolution of our method in long-wavelength ranges depends upon the signalto-noise (SN) ratio, or the ratio of the power of propagating plane wave components to that of nonpropagating components (incoherent noise) contained in the array seismograms (in the following, we refer to incoherent noise simply as ''noise'' unless otherwise stated). We have confirmed, through field data analysis, that our method is applicable to small-sized arrays on the order of 5 -15 m in radii, and that analysis of sufficient resolution and stability is possible in broad wavelength ranges extending from a little less than four times up to several 10 times the array radius [e.g., Cho et al., 2004] .
[3] In the present study, we refer to the above cited algorithm as a centerless circular array (CCA) method and demonstrate its remarkably broad applicability that is not limited to small-sized arrays as well as its high performance that continues into surprisingly long wavelengths. We also propose a new method to quantitatively evaluate signalto-noise ratios in microtremor records, and discuss how the presence of noise restricts the efficacy of the CCA method in long-wavelength ranges.
[4] We first corroborate, by way of real data analysis, the applicability of our CCA method to arrays of larger sizes. We deploy seismic arrays of several to several hundred meters in radius at a test site where the subsurface structure is known from geophysical exploration, and apply the CCA method to microtremor records to estimate the phase velocities of Rayleigh waves. The estimates are then checked against ''reference'' phase velocities that have been inferred using other established methods. We next analyze the noiseto-signal (NS) ratios (reciprocals of the SN ratio) of the array seismograms using our new algorithm. On the basis of the estimated NS ratios and the reference phase velocities, we calculate the apparent values of phase velocities which JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, B09315, doi:10.1029 /2005JB004235, 2006 Click Here for Full Article
